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External attention systemEmpathizing is the drive to identify the mental status of other individuals and respond to it with an appropriate
emotion; systemizing is the drive to analyze a system. Previously, we have shown that structures associated with
the default mode network (DMN) and external attention system (EAS) are associated with empathizing and sys-
temizing, respectively. Here we investigated the association between resting-state functional connectivity (RSFC)
and empathizing/systemizing in 248 healthy young adults. We considered the medial prefrontal cortex (mPFC)
and bilateral dorsolateral prefrontal cortices (DLPFCs), which are key nodes of DMN and EAS, as seed regions,
and investigated correlations across subjects between individual empathizing/systemizing and RSFC between
each seed region and other brain regions. We found that higher empathizing was associated with larger RSFC be-
tween the mPFC and areas in (a) the dorsal anterior cingulate cortex (dACC), (b) precuneus, and (c) left superior
temporal sulcus (STS). Furthermore, therewas an interaction effect between sex and systemizing on RSFC between
the left DLPFC and dACC: males showed positive correlations between this RSFC and systemizing, whereas females
showed the opposite tendency. Thus, empathizing was associated with increased positive functional coupling with
the key node and other nodes of DMN, as well as the area associated with feeling another's pain. Systemizing was
associated with increased positive functional coupling between the key nodes of EAS in males. These ﬁndings pro-
vide further support for the concept of an association between DMN/EAS and empathizing/systemizing.
© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Empathizing is deﬁned as the drive to identify the mental status of
other individuals in order to predict their behavior and respond with an
appropriate emotion (Baron-Cohen et al., 2005). Thus, this term involves
both emotional empathy and more cognitive forms of empathy (such as
perspective taking). Systemizing is deﬁned as the drive to analyze a sys-
tem in terms of the rules that govern the system in order to predict its be-
havior (Baron-Cohen et al., 2005). These concepts are a key area in
psychology, partly because autism spectrum conditions are characterizedognitive Neuroscience, Institute
-1, Seiryo-cho, Aoba-ku, Sendai
).
. This is an open access article underby lesser empathizing and higher systemizing (Baron-Cohen et al., 2003;
Baron-Cohen and Wheelwright, 2004). Certain cognitive characteristics
of autism spectrum conditions such as deﬁcits in theory of mind are be-
lieved to be explained by lesser empathizing (Krill et al., 2008), whereas
other characteristics of these conditions such as enhanced abilities in
math, physics, and engineering and enhanced spatial abilities are be-
lieved to be explained by higher systemizing (Baron-Cohen, 2003;
Baron-Cohen et al., 2005).
In our previous study (Takeuchi et al., 2013e, 2014b), we proposed
the hypothesis that empathizing is associated with the function of re-
gions of the default mode network (DMN), while systemizing is associ-
atedwith the function of regions of the external attention system (EAS),
which consists of the lateral prefrontal cortices (LPFCs) and inferior pa-
rietal lobes (IPLs) (Buckner et al., 2008a; Corbetta and Shulman, 2002).
DMN is active at rest and is usually suspended during externallythe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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the network associated with LPFCs and IPLs (Buckner et al., 2008a).
The medial prefrontal cortex (mPFC), precuneus, posterior cingulate
cortices (PCC), and some lateral temporal cortex areas belong to DMN
(Buckner et al., 2008a).
The basis of our hypothesis is that empathizing/systemizing is sup-
posed to underlie the wide variety of inferior/superior characteristics as-
sociated with autism spectrum conditions, and these are in turn
associated with the functions of DMN/EAS. In summary, deﬁciencies in
empathizing are supposed to underlie the inferior characteristics associ-
ated with autism spectrum conditions, including a wide variety of social,
emotional, and empathetic skills or abilities such as theory of mind
(TOM) (for a review, see Baron-Cohen, 2003). Regions in DMN are in-
volved in cognition related to these characteristics, including internally
focused tasks such as self-related recognition, which includes knowing
one's own emotions, and social cognition, which includes TOM and the
recognition of another's perspective (Amodio and Frith, 2006; Buckner
et al., 2008a). Systemizing is supposed to underlie, partly explain, or
somehow be associated with the superior characteristics of autism spec-
trum conditions in terms of improved spatial abilities,modus tollens rea-
soning (if p, then q), and attention-to-detail (Baron-Cohen, 2003;
Baron-Cohen et al., 2005, 2009). LPFCs and IPLs are associated with spa-
tial tasks (Richter et al., 2000), attention (Awh and Jonides, 2001), and
reasoning (Kroger et al., 2002).
Findings from previous neuroimaging studies have generally sup-
ported the contention that regions in DMN are associated with empa-
thizing, whereas those in EAS are associated with systemizing. These
studies showed that empathizing was associated with (a) regional
gray matter volume of the left perisylvian areas in children (Sassa
et al., 2012), regional gray matter volume of the mPFC and precuneus
areas together with other areas in young adults (Takeuchi et al.,
2014b) and regional gray matter volume of the mPFC together with
other areas in adults (Cheng et al., 2009) and (b) regional white matter
volume in the white matter area near the ventral mPFC and near the
posterior cingulate cortex together with other areas in young adults
(Takeuchi et al., 2013e). On the other hand, systemizing was associated
with (a) regional gray matter volume of the posterior parietal cortex in
children (Sassa et al., 2012) and regional graymatter volume of the right
LPFC area in young adults (Takeuchi et al., 2014b), (b) white matter in-
tegrity in the left superior longitudinal fasticulus (Takeuchi et al.,
2013e), which connects nodes of EAS (Petrides and Pandya, 2002) and
(c) LPFC functional activity in young adults (Billington et al., 2008).
Moreover, previously we found the positive correlation between sys-
temizing and regional white matter volume in males and the negative
correlation between systemizing and regional white matter volume in
females in white matter regions close to the right LPFC and right dorsal
anterior cingulate cortex (dACC), suggesting the sex dimorphic relation-
ship (Takeuchi et al., 2013e).
As described in our previous study (Takeuchi et al., 2012b), recently,
resting-state functional connectivity (RSFC) has been widely used in
functional magnetic resonance imaging (fMRI) studies. This approach
detects inter-regional correlations among spontaneous low-frequency
ﬂuctuations in the fMRI signal during rest (Biswal et al., 1995). Certain
sets of regions show positively synchronized brain activity during rest
(positive correlations between the brain activities of these regions)
and form functional networks (Damoiseaux et al., 2006). DMN and EAS
are two suchmajor networks (Buckner et al., 2008b). In particular, autism
spectrum conditions are rather consistently shown to be associated with
decreased RSFC in DMN (Broyd et al., 2009), whereas some evidence sug-
gests an association of these conditions with increased RSFC involving
TPN (Noonan et al., 2009). Therefore, empathizing/systemizing may
also well associate with these changes in RSFC involving DMN and TPN.
Although a number of neuroimaging studies have investigated the
functional activities and brain structures related to empathizing/sys-
temizing (Billington et al., 2008; Chakrabarti et al., 2006; Sassa et al.,
2012; Takeuchi et al., 2013e, 2014b), no study has examined theassociation between RSFC and empathizing/systemizing. We hypothe-
sized that RSFC associated with the key nodes of DMN/EAS is associated
with empathizing/systemizing. In addition, considering the sexually di-
morphic relationship between systemizing and EAS-related white mat-
ter structures thatmaywell associatewith RSFC (AuDuong et al., 2005),
we hypothesized the existence of a sexually dimorphic relationship be-
tween systemizing and RSFC.
Using functional magnetic resonance imaging (fMRI) we investigat-
ed correlations between empathizing/systemizing and (a) RSFC be-
tween the key node of DMN, mPFC, and regions elsewhere in the
brain as well as (b) RSFC between the bilateral dorsolateral prefrontal
cortices (DLPFCs) and regions elsewhere in the brain.
RSFC of DMN and EAS is of interest to the investigation of the neural
basis of empathizing/systemizing because from the perspective of func-
tional integrity of the networks, RSFC analysis provides direct evidence
of the assumed associationbetween the twomajor intrinsic cognitive net-
works and empathizing/systemizing. RSFC analysis also makes it possible
to investigate associations between cognitions and interactions between
speciﬁc brain regions. RSFC analysis is also important because autism
spectrum conditions are assumed to have altered resting-state cognitions
(Broyd et al., 2009), and RSFC analysis provides insight into the different
resting-state cognitions underlying empathizing/systemizing.
Methods
Subjects
The present study, which is part of an ongoing project to investigate
the associations between brain imaging, cognitive function, and aging
(Sassa et al., 2012; Takeuchi et al., 2010a, 2010b, 2011a, 2011d, 2011f,
2013c, 2014a; Taki et al., 2010, 2011), included 248 healthy, right-
handed individuals (126 men and 122 women). Our previous study
also involved these same 248 subjects, and data from these subjects as
well as from another 55 subjects were used to investigate associations
between empathizing/systemizing and gray and white matter struc-
tures (Takeuchi et al., 2013e, 2014b). Some of the subjects enrolled in
this study also became subjects of our intervention studies (Takeuchi
et al., 2011a, 2013a) (psychological and imaging data recorded before
the intervention were used in this study). Psychological tests and MRI
scans not described in this study were performed together with those
described in this study. The mean age of the subjects was 21.1 years
[standard deviation (SD), 1.8]. All subjects were university students or
postgraduates with normal vision and no history of neurological or psy-
chiatric illness. Handedness was evaluated using the Edinburgh Hand-
edness Inventory (Oldﬁeld, 1971). Written informed consent was
obtained from each subject for their participation in this project. All
study procedures were approved by the Ethics Committee of Tohoku
University. Data from two subjects, who misunderstood the rules of
the tasks, were not analyzed.
SQ/EQ questionnaire
Japanese version (Wakabayashi et al., 2007) of the systemizing quo-
tients (SQ)/empathizing quotients (EQ) questionnaire (Baron-Cohen
et al., 2003; Baron-Cohen and Wheelwright, 2004) was administered
to the subjects. The EQ score was used as an index of empathizing and
the SQ score was used as an index of systemizing. This questionnaire
consists of 40 items for each quotient and 20 unscored ﬁller items. The
scales consist of self-descriptive statements scored on a four-point
scale ranging from Strongly Disagree to Strongly Agree. Half the items
are worded to produce an “Agree” response and half a “Disagree” re-
sponse. Items are randomized to avoid a response bias. Each strong sys-
temizing/empathizing response is awarded two points and each slight
systemizing/empathizing response is awarded one and the rest of the
responses are awarded zero (i.e., each item is scored 2,1,0,0) giving a
range of total scores between 0 and 80 for each quotient.
314 H. Takeuchi et al. / NeuroImage 99 (2014) 312–322The psychometric properties of the questionnaire are as follows.
Some studies have reported that empathizing is largely independent
of systemizing, but there is a weak negative correlation between them
(e.g., Wheelwright et al., 2006), whereas other studies have failed to
ﬁnd such negative correlations (e.g., Wakabayashi et al., 2007). Individ-
uals with autism spectrum conditions have higher SQ scores and lower
EQ scores than controls (Wakabayashi et al., 2007). Males have higher
SQ scores than females whereas females have higher EQ scores than
males (Wakabayashi et al., 2006). Students studying humanities also
have higher EQ scores than students studying sciences, whereas stu-
dents studying sciences have higher SQ scores than students studying
humanities (Wakabayashi et al., 2006). Furthermore, actors have higher
EQ scores (Nettle, 2006). EQ is also positively correlated with the size of
one's social network (Stileman, 2007) and one's performance on a face
perception task (Penton-Voak et al., 2007). The Autism Spectrum Quo-
tient (AQ), ameasure of autistic traits, iswell explained by themodel in-
cluding both EQ and SQ (Wheelwright et al., 2006). These ﬁndings have
demonstrated the criterion-related validity of this questionnaire. The
internal consistencies of EQ and SQ, calculated in a previous study in-
cluding a large sample, were 0.86 and 0.88, respectively, demonstrating
the reliability of this questionnaire.
Some researchers may prefer performance-based cognitive mea-
sures instead of questionnaires. However, as far as autism spectrum
conditions are concerned, the validity of this questionnaire is ﬁrmly
established and this tool is widely used, whereas the performance-
based tools used to detect autism spectrum conditions tend to not
work well (Montgomery et al., 2008, 2010). This may be because sub-
jects with autism spectrum conditions can use strategies and perform
at a level that is comparable to that of normal subjects (Frith, 1994).
Assessment of psychometric measures of general intelligence
Raven's Advanced Progressive Matrix (Raven, 1998) is a measure-
ment that is most correlatedwith general intelligence and is considered
to be the best measurement of general intelligence (Raven, 1998).
Raven's Advanced Progressive Matrix was used to assess intelligence
and adjust for the effect of general intelligence on RSFC (Song et al.,
2008). More detailed information about how this test was performed
in our study is described in previous studies (Takeuchi et al., 2010a, b).
Image acquisition
All MRI data acquisition was conducted with a 3-T Philips Achieva
scanner. As in our previous study (Takeuchi et al., 2012b), 34 transaxial
gradient-echo images (64 × 64 matrix, TR= 2000ms, TE= 30ms, ﬂip
angle= 70°, FOV=24 cm, 3.75mmslice thickness) covering the entire
brain were acquired using an echo-planar sequence for RSFC analysis.
For this scan, 160 functional volumes were obtained while subjects
were resting. During the resting state scanning, the subjects were
instructed to keep still with their eyes closed, as motionless as possible
and not to sleep and not to think about anything in particular, as has
been done similarly (Damoiseaux et al., 2006; Greicius et al., 2003).
Diffusion-weighted data were acquired using a spin-echo EPI sequence,
and imageswithnodiffusionweighting (b value=0 s/mm2) (b value=
0 image) were acquired using previously described methods (Takeuchi
et al., 2013d). After calculation, FA images andADCmapswere obtained,
and these imageswere used exclusively for creating the template in this
study. These as well as other scans used in our other studies (Takeuchi
et al., 2011a, 2011d, 2011f) were in most cases taken during the same
session.
Pre-processing of functional imaging data
Pre-processing and data analysis were performed using statistical
ParametricMapping software (SPM8;WellcomeDepartment of Cognitive
Neurology, London, UK) and implemented in Matlab (Mathworks Inc.,Natick, MA, USA). Prior to the analysis, the BOLD images were corrected
for slice timing and re-aligned and re-sliced to the mean image of the se-
ries. Using the movement-related parameters obtained in the realign-
ment procedure described above, we calculated a mean slice-to-slice
motion in the resting-state fMRI session. This was done by calculat-
ing the sum of √[(xvol_n − xvol_n − 1)2 + (yvol_n − yvol_n − 1)2 +
(zvol_n− zvol_n − 1)2]/159 (n = 2, 3, 4, … 160) for each session. Fur-
thermore, we obtained maximum values of | xvol_n− xvol1 |, | yvol_n−
yvol1 |, and | zvol_n − zvol1 | (maximum movement from the original
point in each direction). Then the BOLD images were skull stripped by
masking the images using the threshold of a given signal intensity
from the spatially smoothed (using 8 mm FWHM) BOLD images. This
skin–skull-stripping procedure was performed so that these parts
were not treated as the outer edge of the brain parenchyma in the pre-
processing procedures.
Next, we created the custom template using diffusion-weighted im-
aging data. Using the new segmentation algorithm implemented in
SPM8, FA images of each individual were segmented into six tissues
(ﬁrst new segmentation). This new segmentation algorithm, which is
an improvement over “Uniﬁed Segmentation” (Ashburner and Friston,
2005), uses a Bayesian framework to iteratively perform probabilistic
tissue classiﬁcations and transform spatial deformations into a normal-
ized space. Although we were interested only in the probabilistic tissue
segmentation at this point, the new Bayesian segmentation and
warping algorithm, which includes an improved set of tissue priors
(Ashburner and Friston, 2009) for regularization, increased the robust-
ness and accuracy of the segmentation compared with previous stan-
dard VBM algorithms. That step allowed us to obtain probability maps
of the three aforementioned types of tissue for every subject and to
precisely assign them to a common space. In this process, default pa-
rameters and tissue probability maps were used, except that afﬁne reg-
ularization was performed using the International Consortium for Brain
Mapping (ICBM) template for East Asian brains, and the sampling dis-
tance (the approximate distance between sampled points when esti-
mating the model parameters) was 2 mm. We next synthesized the
FA image and ADC map. In this synthesized image, the area with a
WM tissue probability of N0.5 in the abovementioned new segmenta-
tion process was the FA image multiplied by−1 (hence, this synthe-
sized image shows a very clear contrast between the WM and the
other tissues), and the remaining area is the ADC map (for the reasons
of this procedure, see below). This synthesized image fromeach individ-
ual was then segmented using the new segmentation algorithm imple-
mented in SPM8 using the same parameters as above (second new
segmentation). For the reasons and validation of this two-step segmen-
tation processes, see themain text and the supplementalmaterial of our
previous study (Takeuchi et al., 2013e).
The reason why we did not use T1-weighted structural images for
the normalization procedure is merely because the shape of these
images is apparently different from that of BOLD images (see extensive
explanations for this problem, Takeuchi et al., 2011c). Moreover,
coregistration of 3 TMRI BOLD images to T1-weighted structural images
does not allow accurate segmentation, normalization, and signal extrac-
tions that take advantage of Diffeomorphic Anatomical Registration
Through Exponentiated Lie algebra (DARTEL)-based procedures, as
long as it relies on linear registration, because the two images are mor-
phologically different.
The resulting gray matter segment images are normalized to the
gray matter tissue probability map in SPM8. Using these parameters,
white matter segment images, and CSF segment images which were re-
sulted from the abovementioned two-step segmentation processes
were normalized. These normalized images of the gray matter seg-
ments, whitematter segments, and CSF segments were averaged across
63 subjects who were the subjects of this study as well as our previous
study (Takeuchi et al., 2011c). The resulting images constituted the ﬁrst
custom gray matter tissue probability map, custom white matter tissue
probability map, and custom CSF probability map. Furthermore, using
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skin-stripped BOLD images of the functional MRI task used in our previ-
ous study (Takeuchi et al., 2011c) were normalized. A mask image of
these skull- and skin-stripped BOLD images (which had a signal intensi-
ty of 1 in voxels where the skull- and skin-stripped BOLD image had sig-
nals) was then created for each subject. The mask images of the
abovementioned 63 subjectswere averaged. Then, the abovementioned
ﬁrst custom gray matter tissue probability map, custom white matter
tissue probability map, and custom CSF probability map were multi-
plied by this average mask image. The resulting images constituted
the second custom gray matter tissue probability map, custom white
matter tissue probability map, and custom CSF probability map. These
second custom tissue probability maps represent tissue probability
maps of BOLD images.
Theﬁrst reason for the creation of the template from images of a por-
tion of all subjects (63 subjects), and not from images of all subjects, was
that N = 63 was not a small number for the creation of a template
compared with that used in most previous studies; thus, it cannot be
considered problematic. The second reason is the project, whichwas in-
troduced in Subjects subsection ofMethods and inwhich subjects of this
study participated, is still ongoing, and our preprocesses require a vast
amount of time and the resultant images require storage resources.
Moreover, each time we change the number of subjects we cannot
reprocess images of all subjects and add newer images that were
preprocessed using the templates that were created from different
number of subjects to our storage.
The skull-stripped mean BOLD image of resting-state fMRI was then
segmented using the second custom tissue probability maps and the
normal segment option in SPM8. Default parameters and tissue proba-
bility maps were used in this process, except that afﬁne regularization
was performed using the ICBM template for East Asian brains. Further-
more, the skull-stripped mean BOLD images of resting-state fMRI were
segmented using the second custom tissue probabilitymaps and images
with a signal intensity of (1 – second custom gray matter tissue proba-
bility map – second customwhitematter probability map – second cus-
tom CSF probability map) using the new segmentation option in SPM8.
Graymatter and white matter segments from the former (normal) seg-
mentations of each subject were co-registered and re-sliced to the
DARTEL import graymatter segment andwhite matter segment images
from the second (new) segmentation. The resulting images became the
input images for the DARTEL procedure. The segmented images from
normal segmentation in SPM8 (instead of new segmentation) were
used because our EPI images for RSFC analyses doesn't seem to be per-
fectly compatible with new segmentation processes in SPM8.
Next, the DARTEL registration process was implemented in SPM8.
First, the template for DARTEL procedures was created using the imag-
ing data from abovementioned 63 subjects. Next, using this existing
template, the DARTEL procedures were performed for each of the sub-
jects using default parameter settings. The resulting images were spa-
tially normalized to the MNI space. Using the parameters for these
procedures, the segmented images were normalized to give images of
3.75 × 3.75 × 3.75 mm3 voxels. Using the same parameters from
these DARTEL procedures, the CSF segmentation image from the ﬁrst
normal segmentation was also normalized. Then, the mean resting-
state fMRI series images were co-registered to the graymatter segment
images of the abovementioned ﬁrst normal segmentation alongwith all
the resting-state fMRI scans. These resting-state fMRI scans were also
normalized using the parameters from the DARTEL procedures.
Next, the normalized graymatter segment images, normalizedwhite
matter segment images, and normalized CSF segment imageswere aver-
aged across 62 subjects [the same subjects who participated in our pre-
vious study (Takeuchi et al., 2011c), but one was removed due to
failure of the segmentation process]. From these average images, we cre-
ated (a) a mask image of voxels with a gray matter signal of N0.01, (b) a
mask image of voxelswith awhitematter signal of N0.99, and (c) amask
image of voxels with a CSF signal of N0.99. The normalized BOLD imageswere then separated into imagesmasked by (a), (b), and (c).We extract-
ed average signals from these images and used these in ﬁrst level imag-
ing analysis described below. Finally, the normalized BOLD images
masked by image (a) were smoothed (8 mm FWHM). These smoothed
normalized (masked) images were then used in individual level func-
tional imaging data analysis described below.
Individual level functional imaging data analysis
Individual-level statistical analyses were performed using a general
linear model (GLM). We removed low-frequency ﬂuctuations using a
high-pass ﬁlter cut-off value of 128 s (or 1/128 Hz). Slow signal drifts
with a period longer than this which are probably not based on brain ac-
tivitieswill be removed by this value. On the other hand,we did not use a
low-passﬁlter. And serial correlations in the BOLD signalwere accounted
for by a ﬁrst-degree autoregressive correction (Della-Maggiore et al.,
2002) (instead of being removed by a low-pass ﬁlter). The use of
autoregressive model over the use of low-pass ﬁlter has been recom-
mended when the signals of the model frequently changes through
time series such as in rapid presentation event related designs (Della-
Maggiore et al., 2002). In other cases where model signals change infre-
quently, neither an autoregressive model nor a low-pass ﬁlter may be
necessary to control for false positives (Della-Maggiore et al., 2002). In
the study by Della-Maggiore et al. (2002), there were no circumstances
in which a low-pass ﬁlter or the combination of an autoregressive
model and a low-pass ﬁlter did better than an autoregressive model
without a low-pass ﬁlter. This was so in terms of both the power of anal-
ysis and control of false positives. Probably because there are no situa-
tions in which a low-pass ﬁlter has been shown to do better than an
autoregressive model; the low-pass ﬁlter is no longer available in the
version of SPM we used in the present study. Through these methods,
RSFC which are comparable to those of previous studies can be tapped
successfully and these RSFC maps can be used for the study of the asso-
ciations between cognition and RSFC (Takeuchi et al., 2011b, 2012b,
2013a).
Several sources of spurious varianceswere then regressed out by put-
ting these variances into regressors: (i) six parameters obtained by rigid
body correction of headmotion, (ii) three brain signals averaged over the
brain masks of the areas analyzed (in other words, mainly gray matter
areas), white matter, and CSF, as described above. This regression proce-
dure removes ﬂuctuations unlikely to be involved in speciﬁc regional
correlations. Regressing out the global signal shifts the distribution of
correlation coefﬁcients, ensuring that they are approximately centered
around zero in such a manner that their sum is less than or equal to
zero. This method of data cleaning has been criticized as “artifactually”
creating anticorrelations (Murphy et al., 2009). However, a recent
study suggested that anticorrelations observed in resting-state connec-
tivity are not an artifact introduced by global signal regression and
might have biological origins (Chai et al., 2012). Furthermore, themeth-
od of global normalization is warranted from the perspective of motion
correction (Yan et al., 2013). However, more importantly, and as
discussed previously (Takeuchi et al., 2012b), regardless of the recent
controversy about regressing out the whole-brain signal, we believe
that it was important to regress out the global signal in this study for
the following reason. Global signal correlation is observed partly because
the brain is globally activated (Schölvinck et al., 2010). In this case, when
these global brain activities are not regressed out, RSFC between two
brain regions would show correlation of activity due to global brain ac-
tivity as well as region- or network-speciﬁc activity synchronization.
Our underlying assumption is that we would observe correlations due
to network- or region-speciﬁc activity synchronization and not those
due to region- or network-irrelevant global brain activity.
Correlationmapswere produced by extracting the BOLD time course
from seed regions then computing the correlation coefﬁcient between
that time course and the time course from all other brain voxels. In
this study, we examined correlations associated with the key node of
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These regions were chosen because they are key nodes of the DMN
and EAS and were identiﬁed as important areas for empathizing and
systemizing in our previous study (Takeuchi et al., 2013e, 2014b).
Other than previous neuroimaging studies related to empathizing, ﬁnd-
ings from lesion studies or gray matter structural studies of neurode-
generative diseases have also consistently indicated that mPFC
(especially the vmPFC) is involved with empathy (though, structures
that are involved with empathy seem to vary between studies as well
as between diseases; Rankin et al., 2006; Shamay-Tsoory et al., 2003,
2009). Furthermore, although a number of regions are activated during
empathy, includingmPFC (Morelli and Lieberman, 2013; Rameson et al.,
2011; Singer, 2006), subjects with higher empathy experience greater
activation of mPFC while observing social exclusion (Masten et al.,
2010), viewing social scenes (Wagner et al., 2011), and during empathy
(Rameson et al., 2011). Also, empathically accurate, as compared with
inaccurate, judgments depended on the activity of the mPFC (Zaki
et al., 2009). The seed regions of mPFC and bilateral DLPFCs were de-
ﬁned in the same manner as that in our previous studies (Takeuchi
et al., 2012b, 2013a). The seed region of mPFC was a 6-mm-radius
sphere centered on the focus. The peak voxel of mPFC was (x, y, z =
−1, 47,−4). This voxel has been used as the center of the seed region
of mPFC for RSFC analyses in a wide range of SPM-based studies
(Fernández-Espejo et al., 2010; Flodin et al., 2012; Jang et al., 2011;
Mennes et al., 2010; Sadaghiani et al., 2009; Takeuchi et al., 2011a;
Takeuchi et al., 2013a; Viviani et al., 2011; Whitﬁeld-Gabrieli et al.,
2009), and it successfully taps RSFC correlates of experimental factors
of interest. However, a recent study showed that more elaborate seed
choices lead to similar RSFC maps (Marrelec and Fransson, 2011). We
did not deﬁne mPFC based on anatomy. This is partly because we
followed the majority of the previous studies' methods as well as ours
and partly because it is difﬁcult to deﬁne mPFC ROIs based on anatomy,
because of the strong functional divisions among mPFC or theFig. 1. Regions with positive RSFC with seed regions. All results are shown with P b 0.05 correc
resent T-scores. (a–d) Regions with positive RSFC with mPFC (seed region). (e–h) Regions with
right DLPFC (seed region).Brodmann area of 10 (Amodio and Frith, 2006; Christoff and Gabrieli,
2000), and because mPFC deﬁned based on anatomy involves wide
areas. The bilateral DLPFCs seed regions were deﬁned using
WFU_PickAtlas (http://fmri.wfubmc.edu/cms/software). We deﬁned
the bilateral DLPFC seed regions by intersecting BA46, the right middle
frontal gyrus and gray matter in WFU_PickAtlas, and then resliced the
generated regions into the same spatial resolution as the preprocessed
fMRI images.
For the RSFC analysis, images of beta estimate maps representing
RSFC with the seed regions were estimated for each subject after pre-
processing. Data were subject to a random-effects analysis, which
allowed inferences derived from this subject sample to be generalized
to the population. To study the effect of individual difference in empa-
thizing/systemizing on RSFC, we entered the ﬁrst-level images into
second-level regression analyses.
Second-level statistical analysis
In second-level analysis, we tested for a relationship between indi-
vidual empathizing/systemizing (EQ and SQ scores) and RSFC with
ROIs. To investigate these relationships across sexes in whole brain
analysis, we used multiple linear regressions to search for areas where
RSFCwith seed regionswas signiﬁcantly related to individual empathiz-
ing/systemizing (EQ and SQ scores). We performedmultiple regression
analysis for each ROI, resulting in three multiple regression analyses in
total. Multiple regression analysis for each ROI included the individual
EQ and SQ scores, sex, age, and Raven's Advanced Progressive Matrix
score as covariates giving a total of ﬁve covariates.
To investigate the interaction effects of sex and individual empathiz-
ing/systemizing in whole brain analysis, we used a voxel-wise analysis
of covariance (ANCOVA) in which sex difference was a group factor
(using the full factorial option in SPM5). In this analysis, age and
RAPM, EQ, and SQ scores were covariates and all were modeled soted for multiple comparisons at voxel-level FWE at the whole-brain level. Color bars rep-
positive RSFC with the left DLPFC (seed region). (i–l) Regions with positive RSFC with the
Table 1
Demographic variables of males and females included in our sample.
Males Females
Measure Mean SD Range Mean SD Range
Age 20.92 1.85 18–27 21.34 1.71 18–27
RAPMa 28.56 3.40 18–36 27.90 3.81 18–36
EQ 30.39 9.31 11–65 36.96 9.62 16–60
SQ 28.66 9.27 9–56 22.28 7.25 9–45
a Raven's Advanced Progressive Matrix.
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in the different sexes (using the interactions option in SPM5). This facil-
itated the investigation of interaction effects between sex and these co-
variates. The interaction effects between sex and EQ scores and between
sex and SQ scores were assessed using t-contrasts.
In these analyses, we included EQ and SQ in the samemodel, for the
same reason that sexwas included in themodel, i.e., to rule out the pos-
sibility that an association between EQ (or SQ) and RSFCmerely reﬂects
an association between SQ (or EQ) and RSFC as well as an association
between EQ and SQ, as the latter two have been suggested to be associ-
ated (Baron-Cohen, 2003). If both of them correlate with same RSFC,
then the inclusion of both as covariates should increase the accuracy
of the model.
A multiple comparison correction was performed using the voxel-
level family-wise error (FWE) approach at the whole brain level. For
areas with a strong a priori hypothesis, the statistical signiﬁcance level
was set at P b 0.05 with small volume correction (SVC; voxel-level
FWE approach) for multiple comparisons in ROIs. ROIs were 20 mm
spheres around the peak voxels of each region in one-sample t-tests of
RSFC maps with seed regions. In this analysis, one-sample t-tests using
the abovementioned ﬁrst-level beta images without covariates were
employed to make maps of voxels that showed RSFC with seed regions.
In analysis of the association between empathizing and RSFCwithmPFC,
ROIs were the posterior cingulate cortex, precuneus/middle cingulate
cortex (MCC), and area around the left middle/superior temporal
gyrus. The posterior cingulate cortex and precuneus/MCC were chosen
as they are also important nodes of DMN, and regional gray matter vol-
ume of the precuneus region was found to be associated with empathiz-
ing in young adults in our previous study (Takeuchi et al., 2014b). The
left middle/superior temporal gyrus was chosen as a ROI because empa-
thizing is associatedwith regional graymatter volume in children (Sassa
et al., 2012), regional white matter volume in young adults (Takeuchi
et al., 2013e) and with white matter structural integrity (Chou et al.,
2011) in young adults in the area around this region. As described
above, because of the results of the one-sample t-test of RSFC maps
with seed regions, the peak voxel in the MCC/precuneus area became
(x, y, z = 4,−19, 38; Fig. 1c), the peak voxel of PCC became (x, y, z =
−8,−64, 26, Fig. 1b) and the peak voxel in the left superior/middle tem-
poral gyrus became (x, y, z=−38,−26, 11, Fig. 1d). In analysis of the
associations between systemizing and RSFC with bilateral DLPFCs, ROIs
were the contralateral DLPFCs and the bilateral posterior parietal corti-
ces. These regions were chosen because of our hypothesis that regions
in EAS are associated with systemizing and are key nodes of EAS; in ad-
dition, previous studies have shown that activity and certain structures
in these regions are associated with systemizing, as described in the In-
troduction. As described above, because of the results of the one-
sample t-test of RSFCmaps with seed regions, the peak voxels for analy-
sis of RSFCwith the left and right DLPFCs in the left posterior parietal cor-
tex were (x, y, z=−53,−45, 53, Fig. 1 g) and (x, y, z=−38,−56, 45,
Fig. 1 k), respectively. The peak voxels for analysis of RSFC with the left
and right DLPFCs in the right posterior parietal cortex were (x, y, z =
41,−45, 45, Fig, 1 h) and (x, y, z= 41,−53, 49, Fig. 1 l), respectively.
The peak voxels for analysis of RSFC with the left and right DLPFCS in
contralateral DLPFCs were (x, y, z = 45, 41, 23, 1f) and (x, y, z=−45,
30, 23, Fig. 1j), respectively.
It seems that some researchers prefer to choose peak voxels from
meta-analyses, whereas others prefer to choose peak voxels from the
independent contrasts of their own studies and recommend their
methods. Both approaches have speciﬁc advantages. The former meth-
od facilitates the comparison of different studies, and the latter has
strength compared with the former method in validity in the tested
sample of subjects. Our position is that, as long as the analyses used to
pick peak voxels and the analyses of interest are independent, both
methods of choosing peak voxels are valid. Here, the contrasts of one
samplewere completely independent from those of the effects of empa-
thizing/systemizing, and the sample sizewas large. Thus, themethod topick peak voxels using the former method does not have particular
strength in this point.
We did not limit the analyses to the areas of signiﬁcant positive RSFC
with ROIs. This wasmostly because, in addition to the areas of signiﬁcant
positive RSFC with ROIs, we wanted to investigate the areas in which a
minority of the subjects showed positive RSFC with ROIs, as well as the
areas of negative RSFC with ROIs. As mentioned in the “Discussion,”
using a large sample size, we previously showed that cognitive functions
in normal young adult sampleswere correlated to RSFC between seed re-
gions and the peripheral regions of the functional networks or functional
areas (in which not many subjects showed RSFCs with seed ROIs)
(Takeuchi et al., 2012b, 2013b; Takeuchi et al., submitted for
publication), indicating that the peripheral areas of the networks or func-
tional areas having RSFCs with seed regions are important for cognitive
functions. Moreover, although there remains a controversy over
anticorrelation, as described previously, negative RSFCs are associated
with cognitive functions or clinical pathology (Broyd et al., 2009;
Whitﬁeld-Gabrieli et al., 2009); therefore, we thought that these issues
should not be dismissed without investigation.
Next to investigate whether individual differences in regional gray
matter concentration affected or explained signiﬁcant associations be-
tween RSFC and empathizing/systemizing, we investigated how the t
values of the peak voxels of these signiﬁcant associations changed
when individual differences in gray matter concentration at the peak
voxels were added to the corresponding multiple regression analyses
or ANCOVAs. The gray matter concentration values were extracted
from the images created as follows: the normalized image of the gray
matter probabilitymap resulting from the abovementioned normal seg-
mentation wasmasked with a mask image of voxels with a gray matter
signal of N0.01 in the average image of the gray matter probability map
of the 63 subjects described above, and then the resulting image was
smoothed (8 mm FWHM).
In addition, one-sample t-tests using the abovementioned ﬁrst-level
beta imageswithout covariates were employed to createmaps of voxels
that showed positive RSFC with the seed regions [P b 0.05 after
correcting for multiple comparisons (controlling for family-wise error)
at the voxel level]. These results are shown in Fig. 1, together with the
seed regions and ROIs in this study.
Results
Behavioral data
Table 1 shows the average, SD, and range of age, andRAPMandEQ/SQ
scores for each sex. Females showed signiﬁcantly higher EQ scores than
males (P b 0.001, t= 5.46, two-tailed t-test), and males showed signiﬁ-
cantly higher SQ scores than females (P b 0.001, t= 6.02, two-tailed t-
test). For complete data on the distribution of EQ and SQ scores for each
sex, see Table 2. Simple regression analyses showed for themale subjects,
the EQ score was also signiﬁcantly and positively correlated with the SQ
score (P= 0.002, r= 0.281). Furthermore, for all subjects, the EQ score
was not signiﬁcantly correlated with the SQ score (P = 0.726, r =
0.022). Finally, for the female subjects, the EQ score was not signiﬁcantly
correlatedwith the SQ score (P= 0.946, r= 0.006). The sex difference in
the coefﬁcients of correlation between EQ and SQ was signiﬁcant (P =
318 H. Takeuchi et al. / NeuroImage 99 (2014) 312–3223.81, SVC for areaswith a strong a priori hypothesis: P= 0.023, corrected
for multiple comparisons at voxel-level FWE within ROI, the peak of this
correlation was located outside ROI, x, y, z=19,−41, 45, t= 4.27), and
(c) the left superior temporal sulcus (STS) (Fig. 2 e, f; x, y, z=−38,−34,
0, t = 3.68, SVC for areas with a strong a priori hypothesis: P = 0.035,
corrected for multiple comparisons at voxel-level FWE within ROI). For
an explanation of the distributions of signiﬁcant areas in the peripheral
areas, see the “Discussion” section.
After controlling for age, sex, and Raven's Advanced ProgressiveMa-
trix and EQ scores, multiple regression analysis revealed that the SQ
score did not signiﬁcantly correlate with RSFC with mPFC (the seed re-
gion) in any of the regions.
Correlation between RSFC with bilateral DLPFCs and
empathizing/systemizing across both sexes
After controlling for age, sex, and Raven's Advanced ProgressiveMa-
trix and SQ scores, multiple regression analysis revealed that the EQ
score did not signiﬁcantly correlate with RSFC with the left or right
DLPFC (the seed region) in any of the regions.
After controlling for age, sex, Raven's Advanced Progressive Matrix
and EQ scores, a multiple regression analysis revealed that the SQ
score did not signiﬁcantly correlate with RSFC with the left or right
DLPFC (the seed region) in any of the regions. This was true even
when SVC was applied to the regions with a priori hypothesis.
Interaction effects between sex and EQ/SQ scores on RSFC with mPFC
ANCOVA revealed that there were no interaction effects between EQ
or SQ score and sex on RSFC with mPFC.
Interaction effects between sex and EQ/SQ scores on RSFC with bilateral
DLPFCs
ANCOVA revealed that there were no interaction effects between EQ
score and sex on RSFC with the left DLPFC, but there was an interaction
effect (a positive effect of the SQ score in males versus a negative effect
of the SQ score in females) between the SQ score and sex on RSFC
between the left DLPFC and an area around dACC (Fig. 3 ab; x, y, z =
−8, 23, 19, t= 4.87, P= 0.016, corrected for multiple comparisons at
voxel-level FWE at the whole brain level).
ANCOVA also revealed that there were no interaction effects be-
tween EQ or SQ score and sex on RSFC with the right DLPFC.
Correction of effects of regional gray matter concentration on signiﬁcant
voxels
Next, we investigated how the statistical values of signiﬁcant voxels
changed when the effects of regional gray matter concentration were
considered to rule out the possibility that the regional graymatter struc-
ture in the areas of signiﬁcant clusters, rather than the activity proper-
ties of the areas, explains the abovementioned signiﬁcant ﬁndings. In
the case of the signiﬁcant voxels identiﬁed in the correlations between
empathizing and RSFC with mPFC, when the regional gray matter con-
centration of the corresponding voxels was added to the model of mul-
tiple regression analysis described above, the t value changed from 4.56Table 2
Distribution of EQ and SQ scores of males and females included in our sample.
0–9 10–19 20–29 30–39 40–49 50–59 60–69
EQ-male 0 14 45 49 13 4 1
EQ-female 0 6 23 44 41 7 1
SQ-male 1 19 56 30 17 3 0
SQ-female 1 50 49 20 2 0 0
Numbers in the table represent the number of subjects in each score range.to 4.61 in the peak voxel of dACC, from 4.09 to 4.56 in the peak voxel of
the left precuneus, from 3.81 to 3.72 in the peak voxel of the right
precuneus, and from 3.68 to 3.66 in the peak voxel of the left STS. In
the case of the signiﬁcant voxels associated with systemizing, when
only data from males were analyzed and after controlling for age and
Raven's Advanced Progressive Matrix and EQ scores, multiple regres-
sion analysis revealed the t value of the correlation between systemiz-
ing and RSFC with the left DLPFC in dACC to be 3.79; when the
regional gray matter concentration was added to this multiple regres-
sion analysis the t value became 3.74. In corresponding analysis involv-
ing females, the t value changed from−3.23 to−3.30. This suggests
that the effects of regional concentration did not substantially affect
the signiﬁcant results in this study, and that the RSFC differences, rather
than the gray matter structure in the clusters themselves, are likely to
explain the abovementioned signiﬁcant ﬁndings.
Discussion
To the best of our knowledge, this is the ﬁrst study to investigate the
association between empathizing/systemizing and RSFC. Our ﬁndings
relating to empathizing are generally consistent with our hypothesis
that RSFC with key nodes of DMN is associated with empathizing. We
found that empathizing was positively correlated with RSFC between
the mPFC (the seed region) and areas in (a) MCC/precuneus, (b) left
STS, and (c) dACC. Furthermore, therewas an interaction effect between
sex and systemizing on RSFC between the left DLPFC (the seed region)
and dACC such that males showed positive correlations between this
RSFC and systemizing, whereas females showed the opposite tendency.
Thus, this ﬁnding is consistent with our hypothesis, but only in males.
Higher empathizing was associated with increased RSFC between
the mPFC and precuneus/MCC, all of which are key nodes of DMN,
supporting the concept that DMN plays a key role in empathizing. The
mPFC and precuneus are activated in a wide variety of social cognitions
(Buckner et al., 2008b) and are involved in empathy (see the “Methods”
section for the overwhelming number of evidence of the association be-
tween these areas and empathy). Furthermore, subjects with higher
empathy activate the mPFC and precuneus while identifying the emo-
tional states of others (Schulte-Rüther et al., 2011). Thus, our ﬁndings
suggest that empathizing is associated with the augmentation of posi-
tive functional coupling between the key nodes of DMN and is congru-
entwith the concept that DMNplays a key role in empathizing. This idea
expands our previous ﬁnding that regional gray matter volume of the
mPFC and precuneus is associated with empathizing (associations of
empathizingwith regions in theDMN)(Takeuchi et al., 2014b) to a func-
tional connection between the nodes of DMN. These ﬁndings may be
partially congruent with the fact that (a) the two main psychiatric dis-
orders associated with empathic dysfunction are autism and psychopa-
thy (Blair, 2005) and (b) subjects with these disorders show reduced
RSFC between the mPFC and precuneus (Motzkin et al., 2011; Weng
et al., 2010).
Our ﬁndings regarding systemizing indicate that this feature is asso-
ciated with the augmentation of positive functional coupling between
the key nodes of EAS in males and is partially congruent with the con-
cept that EAS plays a key role in systemizing. Lateral parts of PFCs are
key nodes of EAS (Baddeley, 2003; Jäncke et al., 2009). These regions
are involved in manipulation or mental operation of objects retained
in one's mind (for a meta-analysis, see Owen, 2000). These regions
may help one dissociate, manipulate, and analyze non-biological sys-
tems and lead to higher systemizing (Takeuchi et al., 2014b). Although
dACC seems to have positive RSFC with mPFC (Fig. 2b), it is generally
part of EAS as a result of task-induced activation (Buckner et al.,
2008b). Our analysis of an externally oriented attention demanding
task (Takeuchi et al., 2011c) using a subset of the subjects in this
study conﬁrmed that most of dACC is activated during this task. This
area also has positive RSFC with mPFC because it is close to mPFC and
among the nodes of DMN; the closer to dACC, the wider areas in the
Fig. 2. Regions showing correlations between RSFC withmPFC and EQ scores. (a, c, e) The results are shownwith a threshold of P b 0.001, uncorrected for visualization purposes. Regions
of correlation are overlaid on a “single subject” T1 SPM5 image. Empathizing was signiﬁcantly and positively correlated with RSFC (a) between mPFC and dACC, (c) between mPFC and
MCC/precuneus, and (e) betweenmPFC and left STS. (b, d, f) Scatter plots of the relationships between EQ scores and beta estimates of peak voxels of RSFC (b) betweenmPFC and dACC,
(d) between mPFC and left MCC/precuneus, and (f) between mPFC and left STS.
319H. Takeuchi et al. / NeuroImage 99 (2014) 312–322dACC have positive RSFC with these nodes. The primary function of
dACC may be negative surprise (Alexander and Brown, 2011; Egner,
2011) and through this principle this region may be related to perfor-
mance monitoring and attention (Bush et al., 2000; Egner, 2011).
Thus, the present ﬁndings relating to systemizing generally suggest
that systemizing is associated with augmentation of the functional in-
teraction between key nodes of EAS in males. Furthermore, these aug-
mented functional interactions in subjects with higher systemizing
may facilitate close cooperation between the system used forFig. 3. A region showing an interaction effect between the SQ score and sex on RSFC with the l
ization purposes. Regions of correlation are overlaid on a “single subject” T1 SPM5 image. A sign
dACC was found. Scatter plots of the relationships between SQ scores and beta estimates of pemonitoring and attention (dACC) and that used for the manipulation
of objects (DLPFC). However, these regions, especially dACC, have
many functions and the above comments are speculations that need
to be conﬁrmed through task-related fMRI studies.
The interaction effect between systemizing and sex on RSFC involv-
ing DLPFC is congruent with our previous ﬁnding of an interaction be-
tween systemizing and sex on regional white matter volume in the
whitematter areas close to DLPFC and dACC (Takeuchi et al., 2013e), al-
though, this signiﬁcantﬁndingwas found in the right hemisphere, thereeft DLPFC. (a) The results are shown with a threshold of P b 0.001, uncorrected for visual-
iﬁcant interaction effect between systemizing and sex on RSFC between the left DLPFC and
ak voxels of RSFC between the left DLPFC and dACC.
320 H. Takeuchi et al. / NeuroImage 99 (2014) 312–322was a substantial similar tendency in the left homologue areas. We are
not surewhy there are interaction effects between sex and systemizing,
but can propose a few possibilities. Several behavioral studies also
showed that the psychological correlates of autism-related traits, social
communicative traits, and spatial/numerical skills exhibit a sexually di-
morphic pattern (Kothari et al., 2013; Valla et al., 2010, 2013). There can
be a number of reasons for this phenomenon, one of which is the possi-
bility that females with autism-related traits have greater skills in the
social and emotional realms than the male counterparts (Kothari et al.,
2013; Valla et al., 2013). This is suggested by the results of the greater
sensitivity of females to early environmental factors that promote social
competence (McClure, 2000) and by the fact that girls adapt better than
boys to impairments associated with ASD (Kothari et al., 2013). This
may provide these females with a greater number of life/career options,
while the male counterparts have to focus on math-intensive ﬁelds
(Ceci and Williams, 2011; Valla and Ceci, 2011; Valla et al., 2013).
These differences in focus between the females with these characteris-
tics and themale counterpartsmay have led to the differential RSFC pat-
tern observed between DLPFC and dACC, which is critical to externally
directed attention-demanding cognitive activities. Another possibility
is that females with higher systemizing abilities have culturally been
treated differently than males with the same abilities and have some-
times not been encouraged to pursue their competence (Jacobs et al.,
2005). Yet another possibility is related to the fact that males are specif-
ically known to utilize their systemizing abilities to supplement skills
related to empathizing (Valla et al., 2010). As described previously,
dACC is also important for empathy. Thus, the association of this dACC
area with DLPFC may be relevant to the male-speciﬁc association be-
tween systemizing and empathizing. However, these speculations re-
main to be conﬁrmed in additional behavioral studies.
The larger RSFC between the mPFC and left STS/dACC in subjects
with higher empathizing may indicate their abilities to connect under-
standing of what other people are thinking and the cognitions engaged
by the latter regions. mPFC is involved in a wide variety of social cogni-
tive activities and one of the essential roles of this region is understand-
ing what other people are thinking (Amodio and Frith, 2006). On the
other hand, while the principle role of dACC may be negative surprise,
dACC is known to be related to empathy since this area is activated dur-
ing the perception of one's own pain as well as that of others' (Singer
et al., 2004). Furthermore,when one has higher empathy, this area is ac-
tivated during the perception of others' pain (Singer et al., 2004). Also,
functional connectivity between ACC and other nodes in DMN including
mPFC is increasedwhen onehas to feel another's pain (Zaki et al., 2007).
Thus, the larger RSFCwith this region andmPFC in subjects with higher
empathizing may indicate their default ability to connect what other
people are thinking and feeling of other's pain in one's own mind,
which may support their drive to empathize. On the other hand, the
left STS plays a key role in perception related to social signals, language,
and speech (for a review, see Redcay, 2008). All of these competencies
may improve one's understanding of others through linguistic and
social information. Consistent with this idea, language abilities help de-
velop socio-cognitive competencies (Milligan et al., 2007). Partly consis-
tent with this concept, a region around this area is activated during a
wide variety of social cognitions includingwhen one engages in charita-
ble activities (Hare et al., 2010; Milligan et al., 2007); this area also
shows increased functional connectivity with mPFC when one has to
engage in charitable activities (Hare et al., 2010). Thus, the larger RSFC
with this region andmPFC in subjects with higher empathizingmay in-
dicate their default ability to connect what they perceive through lin-
guistic and social signal-related information with the understanding of
another's mind, which may support their ability to empathize.
Subjects with higher empathizing/systemizing may have additive
areas that have positive RSFC with seed regions in the peripheral (or
border) regions (or border areas between the gray matter and the
white matter) of the functional network, whereas subjects with lower
empathizing/systemizing may not have positive RSFC or have negativeRSFC with these seed regions. As can be seen in the ﬁgures and scatter
plots, the correlations often seem to be located distant from the centers
of each functional network where almost all of the subjects are sup-
posed to have positive correlations with the seed regions. Instead, as
can be seen by the regression lines, subjects with lower empathizing/
systemizing, especially the former, have little RSFC (or, in some cases,
negative RSFC) with the seed regions in the signiﬁcant areas. This pat-
tern may indicate that (a) subjects with higher empathizing/systemiz-
ing have RSFC between the seed regions and some additive peripheral
areas of the functional areas or networks or border areas between dif-
ferent functional network areas,whereas subjectswith lower empathiz-
ing/systemizing have little RSFC, no RSFC, or negative RSFC with the
seed regions rather than (b) that the strength of the functional connec-
tions among the centers of the nodes in each functional network con-
tributes to empathizing/systemizing in young healthy adults. As was
discussed in our previous study (Takeuchi et al., 2013b), this pattern
(location of correlations away from the centers of RSFC networks) was
also seen in our previous studies (Takeuchi et al., 2013b) that investigat-
ed the association between cognitive functions and RSFC with seed
regions. In these studies, a large number of subjects (more than
N N 150) were recruited, thus the pattern may be seen as a robust
one. It was previously indicated that, in the border areas of the different
functional networks, there are individual differences regarding the net-
work to which the areas belong (Mennes et al., 2010). Whether the
areas have functional connections with seed regions, may be unlikely
to be affected by a number of factors that can change the RSFC in each
network, including mood and thoughts or actions during rest (Broyd
et al., 2009; Takeuchi et al., 2012a), and thusmay be stable and sensitive
measures. Moreover, some of the signiﬁcant results were located in the
white matter (in the template). Regardless of whether the analyses
were those of functional activation or resting-state functional connec-
tivity, consistent and robust activation (or connectivity) inwhitematter
areas was detected by one-sample t-tests. These examples were ob-
served in the present study (functional activation) and in our previous
study using a large sample size (Takeuchi et al., 2012c). These problems
are common in studies conducted in other laboratories, as long as the
statistical power is high; the most recent example of this was reported
by the study of Kullmann et al. (2013). Furthermore, it has been
shown that BOLD signals in the white matter are reliably associated
with psychological variables (Yarkoni et al., 2009). Considering the
manner in which the BOLD response occurs, there is no reason to as-
sume that a BOLD response cannot occur in the white matter, as long
as the statistical power is guaranteed (Yarkoni et al., 2009).
The signiﬁcant correlation between empathizing and the left STS in
this study corresponds to areas where signiﬁcant correlations between
regional white matter volume and empathizing have been observed
previously (Takeuchi et al., 2013e). Increased white matter ﬁbers
connecting different brain regions and a larger number of axon collater-
al spines andmoremyelinationmay underlie regionalwhitematter vol-
ume (Takeuchi et al., 2011f). These stable factors may also underlie the
increased RSFC between different areas.
At least one limitation exists in this study, which was also a limita-
tion observed with our previous studies and in other studies that use
college cohorts (Jung et al., 2010; Song et al., 2008; Takeuchi et al.,
2010a, 2010b, 2011d). As described in our previous studies (Takeuchi
et al., 2011e, 2013d), we used young healthy subjects with high educa-
tional backgrounds. Limited sampling of the full range of intellectual
abilities is a common hazard when sampling from college cohorts
(Jung et al., 2010). Whether our ﬁndings would also hold across the
full range of population samples and a normal distribution must be de-
termined with larger and more representative samples.
In conclusion, empathizingwas associatedwith increased RSFCwith
mPFC, the key node of DMN, aswell as other nodes inDMN. Systemizing
was associated with increased RSFC between the left DLPFC and dACC,
the key nodes of EAS, but only inmales. Subjects with higher empathiz-
ing/systemizing appeared to show RSFC between key nodes and
321H. Takeuchi et al. / NeuroImage 99 (2014) 312–322peripheral areas or border areas of the networks, whereas those with
lower empathizing/systemizing showed little RSFC or negative RSFC
with the key nodes in these peripheral or border areas.
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